In an earlier paper (7) the chlorophyll composition of a number of chlorina mutants of barley obtained from D. W. Robertson (10) were described and it was then pointed out that one of the mutants appeared to be entirely lacking in chlorophyll b. Thus, it was of considerable interest to learn whether the chlorophyll b deficiency was affecting the photosynthetic activity of this mutant. Comparative studies on the photosynthetic activities in white light of the normal type (containing chlorophyll a & b) and of the mutant as well as studies on their respiratory behavior in the dark and in the light are reported here. In addition, some effort has been made to ascertain whether chlorophyll b could possibly be detectedl in the chlorophyll b deficient mutant by means of the more sensitive fluorescence analysis of chromatographed pigment extracts.
Chlorophyll b dleficient mutants in higher plants first were described by Eyster (4) in maize and more recelntly by Robbelen (9) in Arabi(lopsis. However, the plants described by these investigators (lid not survive the seedling stage-dying rather early in their life cycles. In contrast, the barley mutant employed in the investigations described here can complete its life cycle and thus should be of considerable usefulness in continuied investigations on the role of chlorophyll b in the photo-mletabolismii of higher plants. 1 Received revised manuscript Aug. 2, 1962 . 2Some of the data reported here are a part of a thesis submitted to the graduate faculty of the University of Minnesota in 1950 in partial fulfillment of the requirements for the Ph.D. degree. 3 Work carried out on this project at the California Institute of Technology was supported by NSF grants G-1385 and G-6153. 4 
Materials & Methods
The two strains of barley used in these studies were part of the group used in an earlier study (7 2 likewise discloses no significant differences in photosynthetic rates on a dry weight basis. Similarly the photosynthetic saturation curves for intact (fig 4) , however, were considerably higher for the mutant than for the normal. When the rates were recalculated on the basis of chlorophyll a content of these sections no significant difference in photosynthetic rates of leaves from the two stocks could be established ( fig   5) . The relatively large differences in photosynthetic rates observed between experiments using intact plants and those using leaf sections (figs 2 & 3) must in large part be due to the differences in CO2 concentration in the two systems. The CO2 concentration of the air passing over the intact plants was 0.03 to 0.035 %. The CO2 tension in the Warburg vessels was approx. 0.3 %; a tenfold difference in CO2 concentration.
Brown and Webster (2) had found that high light intensity would inhibit the rate of 02 uptake by the blue-green alga Anabaena sp., which contained no chlorophyll b. Consequently, it was of interest to search for possible differences in the respiratory behavior of illuminated and non-illuminated leaves and to ascertain if the lack of chlorophyll b in the barley mutant might affect the respiratory behavior of its leaves when illuminated with high light intensity. Through the use of oxygen enriched in the heavy isotope (018) in conjunction with a continuous mass spectrometric analysis, evidence was found that 02 uptake of leaves was not inhibited upon illumination with high light intensities. Furthermore, the relative respiratory rates of leaves from normal and mutant plants (as judged by the slope of the curve for 018 uptake) were found to be rather similar (figs 6,7).
-Growth Response. At maturity the mutant plants are smaller than the normals. The data in table III show that final plant height, average number of grains per head, and weight of the grain were significantly lower in the mutant than in the normal plants. The growth curves of the two strains were therefore determined to try to relate the lack of chlorophyll b to some phase of the growth of the mutant. Shoot growth was measured from the time of emergence to maturity. From emergence to about the 12th to 15th day the growth rate of the mutant coincided with that of the normal (fig 8) . Following this early period, the rates diverged: the growth rate of the normal was much higher than that of the mutant. Figure 9 shows the difference in growth between normal and mutant plants. It is significant that the time of divergence of the growth rates coincided with the depletion of the endosperm, which is complete by the 16th day under the conditions of these experiments.
The relationship between growth rate and the transition from heterotrophic to autotrophic nutrition led to an investigation of some biochemical changes which occur with the disappearance of the endosperm.
Plants of both stocks were grown in the greenhouse. After 12 days, half the plants of each stock 9. Photograph of normal and mutant plants illustratinig differences in size of plants after 53 days of growth.
were harvested and analyzed for dry weight, sucrose, and reducing substances. The remainder of the plants were similarly analyzed after 16 days of growth when examination of the plants showed complete loss of the endosperm. The results of these analyses (table III) show that on the 12th day of growth there is no significant difference between mutant and normal in dry weight, sucrose, or reducing sugars. However, after the 16th day a significant difference in sucrose and reducing sugars was apparent although there was no difference in dry weight between the mutant and normal.
Discussion
Paper chromatographic analysis has confirmed the previous observations that the mutant barley lacks chlorophyll b (6) . The results of tests on the physiological differences between the normal and this mutant can, therefore, justifiably be considered as comparisons between plants containing the normal complement of chlorophylls a and b, and those that lack chlorophyll b. It has generally been assumed that chlorophyll b is essential for the growth and development of higher land plants. With the demonstration that these mutants do, in fact, lack chlorophyll b, with no lethal effects, it becomes possible to examine the role of chlorophyll b in the plant. The results here reported show that, under the experimental conditions described, there was measured manometrically and were found not to differ in a statistically significant manner. The same held true for rates of respiration and photosynthesis of intact plants based on measurements of CO, production and consumption.
III. Normal and mutant plants exhibited the same growth rates until the endosperm of the seed had been depleted. From then on the rate of growth in height of the mutant plants decreased and other differences between normal and mutant plants became apparent such as differences in the content and composition of soluble sugars. Mutant plants also produced fewer seeds accompanied by a decrease in dry weight per seed as compared with seeds from normal plants.
